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Introduction
The most commonly used security systems today, are Closed Circuit Television (CCTV) and Passive Infra-Red (PIR). These systems are vulnerable to tampering due to easy access of the physical cables connecting them to the control. Using a Wireless Remote Controlled Surveillance System (RCSR) would be a better alternative. This is based on Wireless Sensor Network (WSN) which involves monitoring, tracking and controlling [1] . The use of WSN was originally used by military applications in battlefield surveillance, and it typically consists of distributed autonomous devices using sensors to monitor physical or environmental conditions such as temperature, sound, vibration, pressure, motion or pollutants in different locations [2] . The trend of steadily increasing use of wireless communication systems is due to low installation cost, ease of deployment and flexibility [3] . A wireless surveillance system in an indoor concrete structure environment is affected by signal shielding or multipath effects as the signal is propagated through the concrete walls, causing a major interference to Received Signal Strength Indication (RSSI) precision [4] [5] . Multipath interference is caused by constructive, destructive, and phase shifting components of radio signals when receiver combines multipath signals from direct and reflected paths [6] [7] . The interaction between these signals in addition to constructive interference which increases the signal strength also causes strengths of the waves to decrease as the distance between the transmitter and receiver is increased [8] .
Although extensive studies have been carried out to improve wireless digital communications, new trends and new applications of wireless systems require improved information with regards to the characterization of radio signal propagation in indoor environments [9] [10] . Growth of wireless communications systems which requires radio propagation through indoor environments has increasingly demanded that more knowledge regarding how building materials affect the radio channels be searched and added. Therefore, further studies that focus on transmission and reflection properties of these materials in indoor environments are desirable [11] .
This paper attempts to contribute to knowledge on wireless signal propagation based on 802.11b standards. The results will be useful in indoor and outdoor and outdoor wireless designs and more so security systems less prone to tampering.
To test the signal strength of a communication channel especially for interfaces such as IEEE 802.11 and IEEE 802.15.4, the Received Signal Strength Indicator (RSSI) is used for network planning, localization and handover prediction of Wireless Local Area Networking [13] . The Radio RSSI is an important tool also used by researchers to determine the distance between two communicating nodes [14] .
The measurement of RSSI takes into consideration complex parameter situations involving Radio Frequency (RF) propagation which includes arrival distance of signal, angle of incidence, signal strength of transmitter, phase, time of arrival and other factors [15] . The arrival of two closely spaced frequencies with different time delay spreads having strong potential for correlation is referred to as coherence bandwidth [16] .
In an indoor built site, signal power at the receiver when the signal is propagated through a concrete wall is given by the formula [ 
where Pr = required signal power at the receiver (dBm); Pt = transmitter power output (dBm); T =Transmission coefficient through the concrete wall (dBm); f = Transmission frequency (MHz); Gt = transmitter antenna gain (dBi) ; Gr = receiver antenna gain (dBi); Lt = transmission line loss between transmitter and transmitter antenna (dB); Lr = transmission line loss between receiver antenna and receiver input (dB); r = distance between the receiver and transmitting antenna (m), corresponding to line of sight distance in free space . Equation (1) is a modification of the Friis equation for free space wireless link, which was further modified by Chrysikos et al, [12] when they did work to validate the International Telecommunication Union (ITU) indoor path loss model at 2.4Ghz.
The transmission coefficient T vp (vertical polarization), T hp (horizontal polarization) and attenuation factor (α), can be expressed as a function of relative permittivity ( γ ε ), the conductivity of medium (σ e ) and the incident angle (θ i ) as follows [18] : The equivalent medium attenuation coefficient α in Siemens per meter (Sm -1 ) is given by [18] 
Fm m Farads ε is the permittivity of free space; r ε is the relative permittivity; e σ is the electrical conductivity; and
is the angular frequency of radiated signal and f is the frequency in Hz.
The above model (Equation (4)), is based on the assumption that the transmitted wave is uniform and that the effect of multiple reflections inside the wall can be ignored [18] . From the studies carried out by Dehmollaian [19] , the value of complex relative permittivity r ε of concrete as a function of frequency was found to be of an average value 5.9-j0.7 at 2.4GHz.
In the case where the transmitted wave is of uniform plane, and the effect of multiple reflections inside a wall are taken into consideration, the shielding effectiveness ) ( dB S can be obtained as the sum of three contributions [20] dB dB dB dB
each contribution defined by the following equations; 
where γˆ is a complex propagation constant of concrete, then α as in Equation (4) and β Equation (10) are its attenuation and phase constants respectively.
Equation (9) is written taking into account the inherently attenuation losses by concrete through a complex permittivity which obeys the Debye material concrete model frequency dependent equation.
In outdoor built site situation the Free space equation is given by [21] )
where Lp is the path loss, f is the frequency in GHz, d is the distance in meters. This means that attenuation increases with frequency and range. If the frequency is doubled the losses increase by 6 dB [21] .
Materials and Methods
Research Sites: Experiments were carried out at the University of Nairobi's American wing (Test site 1) and Engineering Block E001 (Test site 2) as depicted in Figures 1 and 2 respectively. These two sites were selected due to the fact that it was easy to access all the desired points of test.
Test site 1 is reinforced in a way that is characteristic of many local banks and industrial buildings. The building comprises of corridors 35m in length, laboratories with metal grilled windows and wooden doors. In addition, metal grilled doors are used to improve on security of the rooms. The building has three floors, separated by reinforced concrete 18cm thick slabs. Outside walls are 30.5cm thick being made of cut stone and then plastered with a cement and sand mortar. The columns are reinforced with steel beams and covered with concrete mortar. The ground floor windows, are grilled with square mild steel metal rods (10mm by 10mm) in a weaved mesh formation approximately 15cm by 15cm apart to improve on security. The rest of the upper floor louver windows are not grilled other than the Korean project computer laboratory room AW 302 which is grilled in a similar manner as ground floor.
The inner walls are made of stones 20cm thick, and plastered on both sides. The floors are constructed using concrete and then covered with floor wooden panels. The upper floors have block board ceilings enclosing a space in between where the conduits, cables and ducts are installed.
Figure 1 Test Site 1: Front View of American Wing Building

Figure 2 Test Site 2 Outside Far View of Engineering Block E001
Interior doors are fabricated with wood, while the exterior doors are made of iron grilled metal. In all the Laboratories, there are in built hardwood cabinets and counters. Inside the offices there are in built hardwood book shelves and metal cabinets. These items would be expected to affect the signal propagation and subsequent overall reliability of the Remote Controlled Surveillance Robot (RCSR). Test site 2 (two) is like a bunker, and it is fully sealed with Reinforced Concrete (RC) walls with only one wooden door on the ground floor and the other on upper floor which is utilized as the lecture theatre entrance. This offered a measurement site typical of local financial or industrial indoor reinforced and secured safe areas.
The columns are supported with reinforced concrete beams. The ground floor entrance door is made of hard wood. The floors are constructed of concrete and plastered, while the reinforced slab contains conduits, cables and ducts. The inside door is fabricated with block wood. The dark room has inbuilt cabinets fabricated using hard wood.
The outdoor site on the University of Nairobi playgrounds where the test equipment was deployed has student's central catering unit and halls of residence buildings in the rear as can be seen in Figure 3 . This area has other signal sources from other buildings which were found to be interfering with the signal strength. To isolate the effects of interference signals from other sources, experiments were carried out in an outdoor site outside the Central Business District (CBD). Figure  4 portrays the outdoor area in Embakasi along eastern bypass where there were no other interfering channel signal sources. Fig. 5 ), was used to measure the propagated signal strength.
Figure 3 Outdoor Built Site Measurements on the University of Nairobi Playgrounds
In Test site 1, the indoor non line of site (NLOS) was tested from the starred fixed control positions where the laptop was placed as shown in Figure 6 . The 7 starred points were used instead of one to increase the number of samples which in effect increases the degree of confidence of the data collected. To measure effects of indoor line of sight (LOS) conditions, the transmitter and receiver were deployed on the corridor and the transmitter was moved along the corridor stopping at 2.5m intervals up to the far end of the hallway which is 35m long. At every 2.5m interval, the signal strengths were taken and recorded for 4 samples at each point.
To make a comparison of signal strengths measured on the external wall horizontal distance in Test Site 2 and the inside, the receiver was placed in a fixed position outside the building and the transmitter deployed along the pavement of Test Site 2 (TS2) as shown in Figure 7 . Measurements of signal strengths were replicated at intervals of 2.5m for the full length of 20m and data recorded.
Figure 6 Experimental Layout for Indoor Signal Strength Test in Test Site1.
To measure indoor signal strength in Test Site 2, the receiver laptop was placed in a fixed position inside the room and the robot deployed outside the block as shown in Figure 7 , and the signal strengths were measured and recorded . 
Figure 7 Experimental Layout for Indoor Signal Strength Test in Test Site 2 (Engineering Block E001).
Results and Discussion Effects of Distance on Received Signal Strength in Indoor Built Sites:
The results of measurement in indoor Non Line of Sight (NLOS) at different positions from POS1 to 7 as shown in Figure 6 , and the subsequent response graphs are as shown in Figure 8 . Experiments were carried out for indoor line of sight (LOS) situation in Test Site 1 (TS1) where the receiver was placed in line of sight with the transmitter along the corridor. The results of graphical responses are shown also in Figure 8 . When these results were compared with the attenuation level values for LOS they were found to be much less than those of NLOS for the similar distances in indoor situations . 
Figure 8 Graphical Responces for Indoor Non Line of Sight and Line of Sight
Results show that attenuation increases with increase in distance from transmitter to the receiver for all measurements taken from different positions 1 to 7 as expected for both NLOS and from position 8 for LOS situations. This seems to agree with results obtained by Edler et al. [21] . Using Excel worksheet for the data collected, the differences between the indoor average LOS signal strength and NLOS values gave a numerical value of about -20dBm. Close scrutiny of NLOS graphical results show that the received signal trace level has plenty of spikes and dips indicative of how a 
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Laptop-Receiver signal is affected in NLOS compared to almost smooth trend of the LOS situation. These high indoor signal attenuation levels in NLOS could be attributed to obstructive objects along the signal propagation path and multipath effects. Figure 9 . The response shows that up to a distance of about 19m, there were higher attenuation values in areas With Channel Interference (WCI) than those measured in areas With No Channel Interference (WNCI). Using Excel worksheet, the average difference between the two sample signal strength values was found to be about -0.88dBm showing that even in areas with signal interference there are no significant effects on signal strengths. These results seem to agree with those attained by Edler et al. [21] in their presentation for free space raw values. (1), the model values (P r ) of received signal strengths were obtained for different values of distances, by getting the difference between the transmitted power (P t ) valued at 10dBm by using Equation (12), P r =10dBm-) (dB L p (12) and the total losses( ) 
Effects of Distance on Received Signal Strength in Outdoor Sites
Testing Theoretical Model and Measured Signal Strengths. Effect of Distance on Signal Strength in an Indoor Site: Based on Equation
A test on correlation coefficient using Excel correlation function CORREL (array1, array2), values of varying distance(Array1) and model values (Array 2) using Equation (1), results showed a very strong relationship of a value -0.961. The negative sign of the value is indicative graphically as shown in Figure 10 that attenuation levels in dBm increases as expected when the distance increases. The results show that the means of measured RSSI values from different positions follow the same trend of model values. The variance between the model values and the measured values can be attributed to the errors caused in the measurements by sources of signals transmitted from other channels. It could also be due to other extraneous outside factors that could not be recognized and be controlled such as moving vehicles and humans, electromagnetic noise from electrical machines and equipment installations, environmental climate conditions. Indoor line of sight results showed a large error after a 16m distance which could be attributed to either the interference from a nearby access point, the numerical approximation of the indoor ITU specific general model equation constant 28 of Equation 12 or both. The errors were found to reduce drastically when the constant in Equation 12 was adjusted to a value 50.5. It can therefore be stated that it is difficult to have comprehensive conclusions relating to the effect of indoor line of sight distances on received signals strengths especially in areas with heavy channel interferences. Suggestions are that further tests can be carried out considering other environmental conditions for example temperature, humidity, vegetation and other wireless signal obstructive objects to improve on the ITU models. (11), model and measured value results were plotted graphically as shown in Figure  12 . The graphical responses in the figure show that both for free space area with channel interference (WCI) and with no channel interferences (WNCI) follow the same graphical trace as the modeled values. When both free space measured values were considered, the data sets are relatively close together and seem to compare well. Results also show that the ITU empirical model can still be improved for a better fit based on the variability realized when comparing the model with the measured values for all the tests carried out
Effects of Distance on
Conclusions
It has been shown that for both Line of Sight (LOS) and Non Line of Sight (NLOS) scenarios, the signal attenuation increases with the distance as expected. The measured values based on Received Signal Strength Indication (RSSI) were found to follow the trends of the model values in both cases. There was no significant difference between the model values and the measured values based on the statistical results. It can be concluded that RSSI can be said to be a reliable design tool for indoor and outdoor wireless signal networks.
Due to the difficulty of making conclusive statements on received signal strengths especially in areas with heavy channel interferences, it is suggested that further tests can be carried out by considering other environmental conditions, for example temperature, humidity, vegetation and other wireless signal obstructive objects to improve on the ITU models.
